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Abstract
We study cosmic-ray anomaly observed by PAMELA based on E6 inspired extra U(1) model with
S4×Z2 flavor symmetry. In our model, the lightest flavon has very long lifetime of O(10
18) second which
is longer than the age of the universe, but not long enough to explain the PAMELA result ∼ O(1026)
sec. Such a situation could be avoidable by considering that the flavon is not the dominant component of
dark matters and the dominant one is the lightest neutralino. With appropriate parameter set, density
parameter of dark matter and over-abundance of positron flux in cosmic-ray are realized at the same
time. There is interesting correlation between spectrum of positron flux and VMNS . No excess of anti-
proton in cosmic-ray suggests that sfermions are heavier than 4 TeV and the masses of the light Higgs
bosons are degenerated.
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1 Introduction
Standard Model (SM) is successful theory of gauge interactions, however Higgs sector is not examined well.
Therefore mass matrices of leptons and quarks are not well understood. Many unsolved puzzles of SM are
left in these sectors; that is, e.g., why is the structure of mixing matrix of leptons (Maki-Nakagawa-Sakata
matrix, VMNS) very different from that of the mixing matrix of quarks (Cabibbo-Kobayashi-Maskawamatrix,
VCKM ), especially why is the mixing angle θ23 maximal? Why is neutrino mass far smaller than those of
other fermions? Why do generations exist?
We also find a problem in cosmology. In modern cosmology, the existence of the dark matter is clear.
Recent cosmic-ray observation of PAMELA suggests that the dark matter decays mainly into leptons with
very long lifetime [1][2][3]. Such a particle is not included in SM.
Separately from these puzzles, there is hierarchy problem why electroweak scale is much smaller than
Planck scale. One of the solutions is to introduce supersymmetry (SUSY) [5]. However minimal super-
symmetric standard model (MSSM) does not satisfy the solution, because we must fine-tune µ-parameter in
superpotential of MSSM, which is much smaller than Planck scale in order to realize appropriate electroweak
symmetry breaking. This is called µ-problem.
Another problem of MSSM is proton stability. The R-parity forbids baryon number violating trilinear
terms in superptential, however does not forbid quartic terms like EcU cU cDc, LQQQ. Such interactions
reduce the lifetime of proton to unacceptable level [6]. Therefore the R-parity does not help the explanation
of proton stability. The problem of proton lifetime of supersymmetric model is one of the most essential
point in understanding generation structure.
With the motivation to solve flavor puzzles and hierarchy problem, we introduce new three symmetries.
At first, we introduce non-Abelian discrete flavor symmetry S4 × Z2, in order to explain that the mixing
angle θ23 is maximal [7][8][9][10][11]. Because VCKM and VMNS are very different, it is expected that the
representations of quarks and leptons are also different. Next, we introduce U(1)X gauge symmetry which
forbids µ-term [12]. Then, several new superfields must be introduced due to gauge anomaly cancellation
condition; those are extra Higgs (HU , HD), singlet Higgs S and exotic quarks (g, gc). The extra Higgs
bosons couple only to leptons, which induce the difference between VCKM and VMNS . Moreover, the exis-
tence of exotic quarks is important to understand the meaning of generations. Finally we introduce U(1)Z
gauge symmetry. Due to the anomaly cancellation condition, right-handed neutrino (RHN) superfield N c is
introduced, then the smallness of neutrino mass is realized by seesaw mechanism. The two new U(1) gauge
symmetries and standard model gauge symmetry GSM = SU(3)c × SU(2)W × U(1)Y can be embedded in
E6 as GSM ×U(1)X ×U(1)Z ⊂ E6, then MSSM and new superfields consist 27 of E6 representation. With
appropriate assignment of superfields under the flavor symmetry, the stability of proton is realized, which
plays the most important role in the flavor symmetry. Thus we can understand that the generation structure
is the new system to stabilize proton [8].
The new symmetries which are introduced above may also solve dark matter problems. As three U(1)
gauge symmetries include R-parity, lightest supersymmetric particle (LSP) is a candidate for dark matter.
The positron flux observed by PAMELA is produced by the field which induces RHN mass and decays into
leptons [13]. In this paper, we show our model is consistent with experimental results of dark matter. At
first, we define our model in section 2. The estimations of relic abundance of dark matter and positron flux
are given in section 3. Finally, we give conclusion of our analysis in section 4.
2 S4 × Z2 flavor symmetric extra U(1) model
2.1 Gauge symmetry
We extend the gauge symmetry from GSM to G2 = GSM × U(1)X × U(1)Z ⊂ E6, and add new superfields
S, g, gc, N c which are embedded in 27 representation of E6 with quark, lepton superfields Q,U
c, Dc, L, Ec
and Higgs superfields HU , HD. In order to break U(1)Z gauge symmetry, we introduce GSM singlet Φ and
Φc. The gauge representations of these superfields are given in Table 1. After the gauge symmetry breaking,
as the R-parity symmetry
R = exp
[
iπ
20
(3x− 8y + 15z)
]
(1)
1
Q U c Ec Dc L N c HD gc HU g S Φ Φc
SU(3)c 3 3
∗ 1 3∗ 1 1 1 3∗ 1 3 1 1 1
SU(2)W 2 1 1 1 2 1 2 1 2 1 1 1 1
y = 6Y 1 −4 6 2 −3 0 −3 2 3 −2 0 0 0
x 1 1 1 2 2 0 −3 −3 −2 −2 5 0 0
z −1 −1 −1 2 2 −4 −1 −1 2 2 −1 8 −8
R − − − − − − + + + + + + +
qψ 1 1 1 1 1 1 −2 −2 −2 −2 4 −2 2
qχ −1 −1 −1 3 3 −5 −2 −2 2 2 0 10 −10
Table 1: G2 assignment of superfields. Where the x, y and z are charges of U(1)X , U(1)Y and U(1)Z , and
Y is hypercharge. The extra U(1) charges x and z are given by x = 54qψ +
1
4qχ and z = − 14qψ + 34qχ , where
qψ = 6
√
2
5Qψ and qχ = 2
√
6Qχ are charges of two U(1)s in SU(5)×U(1)ψ×U(1)χ ⊂ SO(10)×U(1)ψ ⊂ E6.
remains unbroken, LSP is the candidate for dark matter. The invariant superpotential under the gauge
symmetry G2 is given by
W = Y UHUQU c + Y DHDQDc + Y EHDLEc
+ λSHUHD + kSggc
+ Y NHULN c + YMΦN cN c
+ MΦΦ
cΦ+ y1QQg + y2g
cU cDc + y3gE
cU c + y4g
cLQ+ y5gD
cN c, (2)
where first line consists of trilinear terms in MSSM. Second line generates effective µ term λ 〈S〉HUHD by
radiative symmetry breaking of U(1)X . Third line generates RHN mass term Y
N 〈Φ〉N cN c by radiative
symmetry breaking of U(1)Z and gives small neutrino mass by seesaw mechanism. Fourth line consists of
unwanted terms which cause the problems such that the mass term MΦΦΦ
c prevents Φ,Φc from developing
vacuum expectation values (VEVs) and the trilinear terms of exotic quarks destabilize proton. Note that
Higgs superfields are extended to three generations. Generally, extra Higgs doublets cause the problem of
flavor changing neutral currents (FCNCs).
2.2 Flavor symmetry
Q1 Q2 Q3 U
c
1 U
c
2 U
c
3 D
c
1 D
c
2 D
c
3
S4 1 1 1 1 1 1 1 1 1
Z2 + + + + + + + + +
Ec1 E
c
2 E
c
3 Li L3 N
c
i N
c
3 H
D
i H
D
3
S4 1 1 1
′ 2 1 2 1 2 1
Z2 + − + − − + − − +
HUi H
U
3 Si S3 ga g
c
a Φi Φ3 Φ
c
a
S4 2 1 2 1 3 3 2 1 3
Z2 − + − + + + − + +
Table 2: S4×Z2 assignment of superfields (Where the index i of the S4 doublets runs i = 1, 2, and the index
a of the S4 triplets runs a = 1, 2, 3.)
In ordre to explain maximal mixing angle θ23, we introduce S4 × Z2 flavor symmetry. This symmetry
solves the problems of superpotential defined in Eq.(2) at the same time. If we assign g, gc,Φc to S4 -triplets
and the other superfields to singlets or doublets, then MΦ, y1,···,5 are eliminated. As a result, superpotential
is given by
W ′ = Y UHUQU c + Y DHDQDc + Y EHDLEc
+ λSHUHD + kSggc
2
+ Y NHULN c + YMΦN cN c
+
a
MP
ΦΦΦcΦc
+
y′1
M2P
ΦΦcQQg +
y′2
M2P
ΦΦcgcU cDc +
y′3
M2P
ΦΦcgEcU c
+
y′4
M2P
ΦΦcgcLQ+
y′5
M2P
ΦΦcgDcN c + · · · , (3)
where the dots · · · are higher order terms. As the potential of Φ and Φc is lifted by non-renormalizable term
ΦΦΦcΦc, Φ and Φc have very large VEVs along the D-flat direction of 〈Φ〉 = 〈Φc〉, where
V = 〈Φ〉 = 〈Φc〉 ∼
(
MPmSUSY
a
) 1
2
∼ 1011GeV 1√
a
(mSUSY
10TeV
) 1
2
. (4)
From the constraints on the lifetimes of proton and exotic quarks (see appendix C), the condition
V 2
M2P
∼ 10−12 (5)
must be satisfied [14]. From this condition, V ∼ 1012GeV is required. This value is realized by potential
minimum condition as Eq.(4), when we take a ∼ 10−2. The prediction for RHN mass is given by
MR ∼ 1012GeV, (6)
which gives an appropriate neutrino mass. As the VEVs of Φ and Φc break not only U(1)Z but also S4×Z2,
we call them flavons.
2.3 Maki-Nakagawa-Sakata matrix VMNS
The maximal mixing angle θ23 of VMNS is realized by the assignments that H
U , HD, L,N c are 2+ 1 of S4
and Ec is 1+ 1+ 1′ [7]. In order to reduce the number of parameters, we assign S and Φ to 2+ 1. If we
assign Q,U c and Dc to S4-singlets, then quarks do not couple to S4 doublet Higgs and FCNC is suppressed.
The flavor representations are given in Table 2. The leading order superpotential is given by
WS4×Z2 = WL +WQ +WH +Wg +WΦ, (7)
WL = Y
N
2
[
HU1 (L1N
c
2 + L2N
c
1) +H
U
2 (L1N
c
1 − L2N c2 )
]
+ Y N3 H
U
3 L3N
c
3 + Y
N
4 L3(H
U
1 N
c
1 +H
U
2 N
c
2)
+ Y E1 E
c
1(H
D
1 L1 +H
D
2 L2) + Y
E
2 E
c
2H
D
3 L3 + Y
E
3 E
c
3(H
D
1 L2 −HD2 L1)
+
1
2
YM1 Φ3(N
c
1N
c
1 +N
c
2N
c
2 ) +
1
2
YM3 Φ3N
c
3N
c
3 , (8)
WQ = Y
U
ij H
U
3 QiU
c
j + Y
D
ij H
D
3 QiD
c
j (i, j = 1, 2, 3), (9)
WH = λ1S3(H
U
1 H
D
1 +H
U
2 H
D
2 ) + λ3S3H
U
3 H
D
3
+ λ4H
U
3 (S1H
D
1 + S2H
D
2 ) + λ5(S1H
U
1 + S2H
U
2 )H
D
3 , (10)
Wg = kS3(g1g
c
1 + g2g
c
2 + g3g
c
3), (11)
WΦ =
a1
2MP
Φ23[(Φ
c
1)
2 + (Φc2)
2 + (Φc3)
2]
+
a2
2MP
(Φ21 +Φ
2
2)[(Φ
c
1)
2 + (Φc2)
2 + (Φc3)
2]
+
a3
2MP
{
2
√
3Φ1Φ2[(Φ
c
2)
2 − (Φc3)2] + (Φ21 − Φ22)[(Φc2)2 + (Φc3)2 − 2(Φc1)2]
}
. (12)
We give the parameter set to realize the maximal mixing angle of MNS matrix. We define non-negative
VEVs as 〈
HU1
〉
=
〈
HU2
〉
=
1√
2
vu,
〈
HU3
〉
= v′u,
〈
HD1
〉
=
〈
HD2
〉
=
1√
2
vd,
〈
HD3
〉
= v′d,
〈S1〉 = 〈S2〉 = 1√
2
vs, 〈S3〉 = v′s,
3
〈Φ1〉 = v4, 〈Φ2〉 =
√
v21 + v
2
2 + v
2
3 − v24 , 〈Φ3〉 = V,
〈Φc1〉 =
√
V 2
3
+ v21 , 〈Φc2〉 =
√
V 2
3
+ v22 , 〈Φc3〉 =
√
V 2
3
+ v23 (v1,2,3,4 ≪ V ). (13)
In WL, without loss of generality, we can define Y
N
2,4, Y
E
1,2,3, Y
M
1,3 to be real and define the phase of Y
N
3 as
Y N3 = |Y N3 |eiδ. We define mass parameters as
M1 = Y
M
1 V , M3 = Y
M
3 V ,
mν2 = Y
N
2 vu, m
ν
3 = |Y N3 |v′u, mν4 = Y N4 vu,
ml1 = Y
E
1 vd, m
l
2 = Y
E
2 v
′
d, m
l
3 = Y
E
3 vd.
(14)
Using these parameters, the mass matrices of charged leptons and neutrinos are given by
Ml =
1√
2

 ml1 0 −ml3ml1 0 ml3
0
√
2ml2 0

, MD = 1√2

 mν2 mν2 0mν2 −mν2 0
mν4 m
ν
4
√
2eiδmν3

,
MR =

 M1 0 00 M1 0
0 0 M3

.
(15)
The following neutrino mass matrix is generated through the seesaw mechanism
Mν = MDM
−1
R M
t
D =

 ρ22 0 ρ2ρ40 ρ22 0
ρ2ρ4 0 ρ
2
4 + e
2iδρ23

 , (16)
where
ρ2 =
mν2√
M1
, ρ4 =
mν4√
M1
, ρ3 =
mν3√
M3
. (17)
The mass eigenvalues and diagonalization matrix of charged leptons are given by
V †l M
∗
l M
t
l Vl = diag(m
2
e,m
2
µ,m
2
τ ) = ((m
l
2)
2, (ml3)
2, (ml1)
2), (18)
Vl =
1√
2

 0 −1 10 1 1
−√2 0 0

 , (19)
and those of neutrinos are given by
V tνMνVν = diag(e
i(φ1−φ)mν1 , e
i(φ2+φ)mν2 ,mν3), (20)
Vν =

 − sin θν eiφ cos θν 00 0 1
e−iφ cos θν sin θν 0

 . (21)
From Eq.(19) and Eq.(21), we obtain the MNS matrix as follows
VMNS = V
†
l VνPν =
1√
2

 −
√
2e−iφ cos θν −
√
2 sin θν 0
sin θν −eiφ cos θν 1
− sin θν eiφ cos θν 1

Pν , (22)
where
Pν = diag(e
−i(φ1−φ)/2, e−i(φ2+φ)/2, 1). (23)
Here it is worth mentioning that the lower bound of (0.04 <)θ13 was shown by the recent experiment reported
by T2K [15] at 90 % C.L., which could give a severe test to our model near future.
From the experimental bound [18], we impose the condition
tan θν =
1√
2
, m2ν2 −m2ν1 = 8.0× 10−5(eV2), m2ν2 −m2ν3 = 2.5× 10−3(eV2), (24)
4
on the parameters, then the phase φ is given by
r cosφ = 0.361, r =
ρ2
ρ4
. (25)
Fixing the VEVs as
vu = 10, v
′
u = 155.3, vd = 2.0, v
′
d = 77.8 (GeV), (26)
and the charged lepton masses as [8][19]
ml1 = 1.75GeV, m
l
2 = 487keV, m
l
3 = 103MeV, (27)
Yukawa coupling constants are given by
Y E1 = 0.875, Y
E
3 = 5.15× 10−2, Y E2 = 6.25× 10−6. (28)
For the RHN mass parameters, we assume
V = 1012GeV, YM1 = Y
M
3 = 1. (29)
In order to investigate model dependence, we give two sample parameter sets A and B which are defined as
follows
A : r = 0.361
φ = φ1 = φ2 = 0.0
◦, δ = 90.0◦,
ρ22 = 1.80× 10−2eV, ρ23 = 14.47× 10−2eV, ρ24 = 13.78× 10−2eV,
mν1 = 5.24× 10−2eV, mν2 = 5.31× 10−2eV, mν3 = 1.80× 10−2eV,
mν2 = 4.24GeV, m
ν
3 = 12.0GeV, m
ν
4 = 11.7GeV,
Y N2 = 0.424, Y
N
3 = 0.077, Y
N
4 = 1.17, (30)
B : r = 1.000
φ = 68.84◦, φ1 = 41.55◦, φ2 = 41.15◦, δ = 89.805◦,
ρ22 = 5.03× 10−2eV, ρ23 = 10.04× 10−2eV, ρ24 = 5.03× 10−2eV,
mν1 = 7.08× 10−2eV, mν2 = 7.14× 10−2eV, mν3 = 5.03× 10−2eV
mν2 = 7.09GeV, m
ν
3 = 10.02GeV, m
ν
4 = 7.09GeV,
Y N2 = 0.709, Y
N
3 = 0.065, Y
N
4 = 0.709. (31)
Generally, multi-Higgs model causes FCNC problems, however our assignments do not cause such problems.
In the lepton sector, the interactions between charged leptons and Higgs bosons are given by
Ll = Y E1 τc
[
lµ
(
HD2 −HD1√
2
)
+ lτ
(
HD1 +H
D
2√
2
)]
− Y E2 HD3 ecle
+ Y E3 µ
c
[
lµ
(
HD1 +H
D
2√
2
)
+ lτ
(
HD1 −HD2√
2
)]
, (32)
which do not contribute to τ → e+ γ, µ→ e+ γ processes. Because Ll has accidental S2 symmetry such as
(HD1 , H
D
2 )→ (HD2 , HD1 ), (lµ, µc)→ (−lµ,−µc), (33)
τ → µ+ γ process is also not induced. Note that this S2 symmetry is not the symmetry of whole theory, as
the symmetry is violated in neutrino Yukawa couplings and flavon superpotential WΦ.
In the quark sector, as the quarks couple only to HU3 , H
D
3 , Higgs mediated FCNCs are not induced. In
the basis that quark mass matrices are diagonal, the superpotential is written as
WQ = YtH
U
3 (Q3)
′(U c3 )
′ + YcHU3 (Q2)
′(U c2 )
′ + YuHU3 (Q1)
′(U c1 )
′
+ YbH
D
3 (Q3)
′(Dc3)
′ + YsHD3 (Q2)
′(Dc2)
′ + YdHD3 (Q1)
′(Dc1)
′. (34)
From here, we fix top, bottom and charm masses as [8][19]
Ytv
′
u = 172.5, Ybv
′
d = 2.89, Ycv
′
u = 0.624 (GeV), (35)
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and assume exotic quark mass as
kv′s = 2000 (GeV), (36)
in order to forbid the decay of lightest flavon into exotic quark pair. Then we fix the values of Yukawa
coupling constants as
Yt = 1.12, Yb = 0.0371, Yc = 0.00405, k = 1.0, v
′
s = 2000GeV, vs = 200GeV. (37)
2.4 Higgs sector
Higgs potential is given as follows,
V = VF + VD + VA + Vm2 , (38)
VF =
∣∣λ1S3HD1 + λ5S1HD3 ∣∣2 + ∣∣λ1S3HD2 + λ5S2HD3 ∣∣2
+
∣∣λ3S3HD3 + λ4(S1HD1 + S2HD2 )∣∣2
+
∣∣λ1S3HU1 + λ4S1HU3 ∣∣2 + ∣∣λ1S3HU2 + λ4S2HU3 ∣∣2
+
∣∣λ3S3HU3 + λ5(S1HU1 + S2HU2 )∣∣2
+
∣∣λ4HU3 HD1 + λ5HU1 HD3 ∣∣2 + ∣∣λ4HU3 HD2 + λ5HU2 HD3 ∣∣2
+
∣∣λ1(HU1 HD1 +HU2 HD2 ) + λ3HU3 HD3 ∣∣2 , (39)
VD =
1
2
g2Y
(
1
2
|HUa |2 −
1
2
|HDa |2
)2
+
1
2
g22
∑
A
(
(HUa )
†TAHUa + (H
D
a )
†TAHDa
)2
+
1
2
g2x
(−2|HUa |2 − 3|HDa |2 + 5|Sa|2)2 , (40)
VA = −λ1A1S3(HU1 HD1 +HU2 HD2 )− λ3A3S3HU3 HD3
− λ4A4HU3 (S1HD1 + S2HD2 )− λ5A5(S1HU1 + S2HU2 )HD3 + h.c., (41)
Vm2 = −m2U3|HU3 |2 +m2U (|HU1 |2 + |HU2 |2) +m2D3|HD3 |2 +m2D(|HD1 |2 + |HD2 |2)
− m2S3|S3|2 +m2S(|S1|2 + |S2|2)
− [m2BU (HU3 )†(HU1 +HU2 ) +m2BD(HD3 )†(HD1 +HD2 ) +m2BS(S3)†(S1 + S2) + h.c.] , (42)
where we can define λ1,3,4,5 to be real without loss of generality, and we assume all the soft SUSY breaking
parameters are real to avoid complex VEVs.
he soft S4 × Z2 breaking terms; m2BU ,m2BD,m2BS , violate accidental O(2) symmetry of Higgs potential
and fix the VEV directions (Eq.(13)) to realize θ23 = 45
◦. This potential has S2 symmetry such as
HU1 ↔ HU2 , HD1 ↔ HD2 , S1 ↔ S2. (43)
Minimizing this potential, we get mass matrices of Higgs bosons. The results are given in appendix A. In
the same manner, we add soft S4 × Z2 breaking terms in flavon sector to avoid domain wall problem [20]1.
3 Dark Matter
Here we show that our model is consistent with cosmic-ray observation of PAMELA. Decaying dark matter
scenarios with Non-Abelian discrete flavor symmetries have been done by Ref. [16].
3.1 LF decay width
We assume that the candidate for decaying dark matter is the lightest flavon (LF). In the six flavon super-
fields; Φa,Φ
c
a(a = 1, 2, 3), only one linear combination is super-heavy and the other five superfields have TeV
scale masses. As LF cannot decay into other flavons, it has very long lifetime. Due to the non-renormalizable
1We would like to thank Refree for the suggestion.
6
interactions with light particles, LF becomes unstable dark matter. Among the interactions, the source term
of RHN mass
Weff =
(Y NHUL)2
2YM (V +Φ3)
∼ (Y
NHUL)2
2MR
(
1− Φ3
V
)
=
1
2
mν
(
HUL
v
)2 (
1− Φ3
V
)
(44)
is the unique interaction to emit leptons without emitting quarks [21], where v is VEV of HU . We estimate
the positron flux using this interaction. Due to the factor 1/v, the Higgs which develops the smallest VEV
gives the largest contribution to LF decay. Therefore we can neglect the contribution from HU3 , because
vu ≪ v′u as one can see from Eq.(26). This effect is impotant to suppress weak boson emission. Due to the
enhancement factor mLF /vu, LF decay width is dominated by 4-body decay as follows
Γ(LF → ν + ν) ≪ Γ(LF → ν + l +H+) ∼ Γ(LF → ν + l +W+)
≪ Γ(LF → l + l+H+ +H+). (45)
From the spectrum of positron flux observed by PAMELA, we assume
mLF = 4TeV. (46)
If we assume all sfermions which couple to LF are heavier than 4TeV, the other interactions do not contribute
to LF decay. The interactions which contribute to LF decay is given as follows
L2ν = 1
2
CLFφLF
{
[(HU1 )
0(HU1 )
0 + (HU2 )
0(HU2 )
0](νeνe + r
2νµνµ + r
2ντντ )
+ 2
√
2r(νµ − ντ )(HU1 )0(HU2 )0νe −
√
2r(νµ + ντ )[(H
U
1 )
0(HU1 )
0 − (HU2 )0(HU2 )0]νe
}
, (47)
Llν = −1
2
CLFφLF
{
2[(HU1 )
0(HU1 )
+ + (HU2 )
0(HU2 )
+](eνe + r
2νµµ+ r
2ντ τ)
+ 2r2[(HU1 )
0(HU2 )
+ − (HU2 )0(HU1 )+](νµτ − ντµ)
+
√
2r[(HU1 )
0(HU2 )
+ + (HU2 )
0(HU1 )
+][(νµ − ντ )e + νe(µ− τ)]
−
√
2r[(HU1 )
0(HU1 )
+ − (HU2 )0(HU2 )+][(νµ + ντ )e + νe(µ+ τ)]
}
, (48)
L2l = 1
2
CLFφLF
{
[(HU1 )
+(HU1 )
+ + (HU2 )
+(HU2 )
+](ee+ r2µµ+ r2ττ)
+ 2
√
2r(µ − τ)(HU1 )+(HU2 )+e−
√
2r(µ+ τ)[(HU1 )
+(HU1 )
+ − (HU2 )+(HU2 )+]e
}
, (49)
CLF =
ǫρ24√
2V v2u
, (50)
where ǫ is the flavon mixing parameter which is defined by
Φ3 =
ǫφLF√
2
, (51)
where φLF is LF field.
Using Eq.(47)-(49), the LF decay widths are given as follows
Γ2ν = Γ2ν¯ = (6 + 10r
2 + 12r4)Γ0, (52)
Γlν = Γl¯ν¯ = Γe + Γµ + Γτ = (2 + 8r
2 + 8r4)Γ0,
Γe = Γe¯ = (2 + 4r
2)Γ0, Γµ = Γµ¯ = Γτ = Γτ¯ = (2r
2 + 4r4)Γ0,
Γ2l = Γ2l¯ = Γ2e + Γ2µ + Γ2τ + Γeµ + Γeτ = (8 + 12r
2 + 16r4)Γ0, (53)
Γ2e = 8Γ0, Γ2µ = Γ2τ = 8r
4Γ0, Γeµ = Γeτ = 6r
2Γ0, (54)
Γlepton = Γlν + Γ2l = (10 + 20r
2 + 24r4)Γ0 = Γanti-lepton,
Γtotal = 2(Γ2ν + Γlν + Γ2l) = 2(16 + 30r
2 + 36r4)Γ0, (55)
Γ0 =
mLF
16π
(
m2LF ǫρ
2
4
32π2v2uV
)2
(0.111), (56)
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where we classify the final states only by charged lepton flavor e, µ, τ . The rates of lepton flavor emitted by
LF decay are given by
pe =
9 + 8r2
9 + 16r2 + 20r4
, pµ = pτ =
4r2 + 10r4
9 + 16r2 + 20r4
. (57)
Anti-lepton flux depends on Majorana phase φ through Eq.(25), such as e-dominant for r < 1 and (µ, τ)-
dominant for r > 1 (see Fig. 1). For each parameter set, LF lifetime is estimated as follows
A : Γ−1
total
= 3.72× 1011ǫ−2sec, Γ−1
anti-lepton
= 1.17× 1012ǫ−2sec, (58)
B : Γ−1
total
= 7.01× 1011ǫ−2sec, Γ−1
anti-lepton
= 2.13× 1012ǫ−2sec. (59)
Hereafter we assume ǫ < 10−3 to avoid extinction of LF.
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Figure 1:
3.2 Relic Abundance of LF
At early stage of the universe, flavon multiplets are produced through U(1)Z gauge interaction [13]. Since
we assume that reheating temperature is low enough to avoid gravitino over-production as TRH < 10
7GeV
[22], this interaction is never thermal equiliburium. Therefore we assume non-thermal production of flavons
and boundary condition nLF (TRH) = 0.
For the chiral multiplets (ψL,Ψ), U(1)Z gauge interaction is given by
LU(1)Z = igzAµ
∑
i
zi
[
ψ¯i,Lγµψi,L +Ψi∂µΨ
†
i −Ψ†i∂µΨi
]
, (60)
from which we calculate production cross sections of flavon multiplets (φ,Φ). From Eq.(13), the U(1)Z gauge
boson mass is nearly equal to 16gzV .
As all produced flavon multiplets decay into LF finally, LF number density is given by
nLF = 5NLF (nφ + nΦ), (61)
where 5 is the number of light flavon superfields, nΦ, nφ are number density of one flavon multiplet and
NLF ∼ O(1) is LF production rate which means how many LFs are produced per one degree of freedom of
flavon multiplets. The Boltzmann equation for nLF is given by
n˙LF + 3HnLF = 2480NLFCT
8, (62)
C =
21
(2π)5
(
1
32V 2
)2
, (63)
from which we get
ΩLFh
2 =
mLF s0h
2
ρc
[
15× 2480× 21mPNLF
2π2(341.25)× 30.67(2π)5
(
1
32V 2
)2
T 3RH
]
= 5.06× 10−9NLF
(
TRH
105GeV
)3
, (64)
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where [18]
H = 1.66
√
g∗
T 2
mP
,
g∗ = 341.25,
mP = 1.22× 1019GeV,
s0 = 2890/cm
3,
ρc = 1.05× 104h2eV/cm3. (65)
For TRH < 10
7GeV, LF does not dominate dark matter (ΩLFh
2 ≪ ΩDMh2 = 0.11), thus other dark
matter should be considered as we will discuss later. Such multi-component dark matter is discussed in
[26]. Although the number density is very low, the short lifetime of LF enables us to explain cosmic-ray
observation. The effective lifetime of LF is defined as
τeff ≡ Γ−1anti-lepton
(
ΩDM
ΩLF
)
, (66)
and the following values are obtained for each parameter set
A : τeff = 6.0× 1025sec, ǫ2NLF
(
TRH
105GeV
)3
= 4.2× 10−7, (67)
B : τeff = 7.0× 1025sec, ǫ2NLF
(
TRH
105GeV
)3
= 6.6× 10−7. (68)
Eq.(67) and Eq.(68) are satisfied for example, if we put NLF ∼ 1, TRH ∼ 105GeV, ǫ ∼ 10−3.
The positron flux from the decay of LF is calculated as
Φ(Ee+) =
ve+
4π
1
mLF τeff
∫
dE′Ge+(Ee+ , E
′)
∑
ℓ=e+,µ+,τ±
pℓ
dNℓ e+
dE′
, (69)
where ve+ is the velocity of the positron, Ge+ is the Green’s fuction which is expressed in [3], pℓ is expressed in
Eq.(57) and dNℓ e+/dE
′ is the fragmentation function produced from the decay of ℓ to e+. The fragmentation
function is calculated by using the event generator pythia [27] and the result is shown in Fig.2. We can
evalutate the positron flux from the decay of LF by using the fragmentation function. The results for each
parameter set A and B are shown in Fig.3.
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Figure 2: The fragmentation function calculated by pythia for parameter set A (left) and B (right).
From the gamma-ray observations [4], the constraint for τ -flux is given by
(ττ )eff =
Γlepton
Γτ
τeff =
10 + 20r2 + 24r4
8r2 + 20r4
τeff ≥ 2.1× 1026sec, (70)
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Figure 3: The positron flux calculated for parameter set A (left) and B (right).
which is estimated for each parameter set as follows
A : (ττ )eff = 5.6× 1026sec,
B : (ττ )eff = 1.4× 1026sec. (71)
As the parameter set B is severe to satisfy Eq.(70), small r model is favored. This is the new information
about neurtino sector extarcted by cosmic-ray observations.
3.3 Higgs decay width
No excess of anti-proton flux in cosmic-ray constrains the species of the particles emitted by LF decay [23].
As the weak boson Z,W± and the chargino decay mainly into quarks, LF should not decay into these
particles so much. The weak boson emission is suppressed by factor (vu/mLF )
2 and the chargino emission
channel is kinematically closed for heavy sfermion scenario. In order to forbid the weak boson and the
chargino emission from Higgs boson decay, we assume light Higgs scenario.
In the Higgs potential Eqs.(38)-(42) and mass terms of the neutralinos and the charginos
L ⊃ −i
√
2(HUa )
†[g2λA2 T
A
2 + 3gyλY − 2gxλX ]hUa
− i
√
2(HDa )
†[g2λA2 T
A
2 − 3gyλY − 3gxλX ]hDa − i
√
2(Sa)
†[5gxλX ]sa
− 1
2
M2λ
A
2 λ
A
2 −
1
2
MY λY λY − 1
2
MXλXλX + (WH)θ2 + h.c. (A = 1, 2, 3), (72)
we assume the parameters as follows
g2 = 0.652, gy =
1
6
gY (gY = 0.357), gx =
1
2
√
6
gY = 0.073,
λ1 = 0.065, λ3 = 0.4, λ4 = 0.398, λ5 = 0.75,
MX =M2 = 200, MY = 180 (GeV),
A1 = 0.0, A3 = A4 = A5 = 1.0 (TeV),
m2BU = 0.0408, m
2
BD = m
2
BS = 0.02 (TeV
2). (73)
Mass matrices of neutralinos and charginos are given in appendix A and the values of mass eigenvalues and
mixing matrices are given in appendix B.
We consider only the mass eigenstates which dominate HU1,2 such as
φ′1(91.50), φ
′
4(121.96), φ
′
5(152.48), ρ
′
1(112.12), ρ
′
6(145.53),
(H±1 )
′(90.70), (H±3 )
′(130.02) (GeV), (74)
where φ′1, ρ
′
1, (H
±
1 )
′ are S2-odd and the others are even. As S2 forbids interaction φ′1ZZ and φ
′
1 is not
emitted through Z∗ → Z + φ′1, LEP bound mH ≥ 114.4GeV is not imposed on φ′1. As the masses of these
Higgs bosons are well degenerated, they do not emit weak bosons or charginos.
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The neutralinos into which these Higgs bosons can decay are two singlino dominant neutralinos
η′1(41.92), η
′
4(44.55) (GeV), (75)
where η′1 is S2-odd and LSP. S2-even neutralino η
′
4 can decay into η
′
1 through η
′
4 → η′1 + µ + τ¯ without
emitting quarks. As S2-odd Higgs boson can not decay into quarks, we consider only the decay of S2-even
Higgs bosons.
The decay widths of φ′4, φ
′
5, ρ
′
6 due to the Yukawa interactions
L ⊃ Yc(HU3 )0ccc + Yb(HD3 )0bbc + Y E1 [(HD1 )0ec1e1 + (HD2 )0ec1e2] + h.c., (76)
are given as follows
Γ(φ′4 → c+ c¯) = 3.63× 10−6Γ2d, (77)
Γ(φ′4 → b+ b¯) = 1.54× 10−4Γ2d, (78)
Γ(φ′4 → τ + τ¯ ) = 1.10× 10−6Γ2d, (79)
Γ(φ′5 → c+ c¯) = 1.61× 10−5Γ2d, (80)
Γ(φ′5 → b+ b¯) = 2.68× 10−4Γ2d (81)
Γ(φ′5 → τ + τ¯ ) = 4.90× 10−5Γ2d, (82)
Γ(ρ′6 → c+ c¯) = 1.91× 10−7Γ2d, (83)
Γ(ρ′6 → b+ b¯) = 4.96× 10−6Γ2d, (84)
Γ(ρ′6 → τ + τ¯ ) = 6.89× 10−8Γ2d, (85)
where Γ2d is 2-body decay width of scalar. The interactions with the neutralinos η
′
1, η
′
4,
L ⊃ −λ1
{
S3[(h
U
1 )
0(hD1 )
0 + (hU2 )
0(hD2 )
0] + s3[(H
U
1 )
0(hD1 )
0 + (HU2 )
0(hD2 )
0]
+ s3[(h
U
1 )
0(HD1 )
0 + (hU2 )
0(HD2 )
0]
}
− λ3[S3(hU3 )0(hD3 )0 + s3(HU3 )0(hD3 )0 + s3(hU3 )0(HD3 )0]
− λ4
{
(HU3 )
0[s1(h
D
1 )
0 + s2(h
D
2 )
0] + (hU3 )
0[S1(h
D
1 )
0 + S2(h
D
2 )
0]
+ (hU3 )
0[s1(H
D
1 )
0 + s2(H
D
2 )
0]
}
− λ5
{
(HD3 )
0[s1(h
U
1 )
0 + s2(h
U
2 )
0] + (hD3 )
0[S1(h
U
1 )
0 + S2(h
U
2 )
0]
+ (hD3 )
0[s1(H
U
1 )
0 + s2(H
U
2 )
0]
}
− i
√
2
∑
i
[(HUi )
0]†
[
−1
2
g2λ
3
2 +
1
2
gY λY − 2gxλX
]
(hUi )
0
− i
√
2
∑
i
[(HDi )
0]†
[
1
2
g2λ
3
2 −
1
2
gY λY − 3gxλX
]
(hDi )
0
− i
√
2
∑
i
S†i [5gxλX ]si + h.c.
= −(0.0620φ′4 + 0.127φ′5 + 0.0299iρ′6)η′4η′4
− (−0.0716φ′4 + 0.117φ′5 + 0.0142iρ′6)η′1η′1 + h.c. (86)
give
Γ(φ′4 → η + η) = 208× 10−4Γ2d, (87)
Γ(φ′5 → η + η) = 864× 10−4Γ2d, (88)
Γ(ρ′6 → η + η) = 3179× 10−6Γ2d, (89)
which dominate the decay widths of φ′4, φ
′
5, ρ
′
6.
The decay widths of (H±3 )
′ due to Yukawa interactions
L ⊃ −Yc(HU3 )+scc − Y E1 [(HD1 )−ecν1 + (HD2 )−ec1ν2] + h.c. (90)
11
are given by
Γ((H−3 )
′ → s+ c¯) = 1.95× 10−7Γ2d, (91)
Γ((H−3 )
′ → τ + ν¯τ ) = 2.48× 10−6Γ2d. (92)
From these estimations, (H±3 )
′ decay gives dominant contribution to anti-proton flux.
As one charged lepton emission from LF decay accommodates one charged Higgs emission at even rate
of (H±1 )
′ and (H±3 )
′, the quark flux is estimated as
τquark =
[
1
2
(
0 +
0.195
2.48 + 0.195
)]−1
τeff = 27.4τeff. (93)
For each parameter sets, we get
A : τquark = 1.6× 1027sec, (94)
B : τquark = 1.9× 1027sec, (95)
from which the spectrum of anti-proton flux is given in Fig. 4. There is no inconsistency in anti-proton flux.
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Figure 4:
3.4 Relic Abundance of LSP
Finally we estimate the relic abundance of LSP. The interactions between η′1, η
′
4 and Z are given by
L ⊃ 1
2
ψ¯1γ
µ(−∂µ − iG1Zµγ5)ψ1 + 1
2
ψ¯4γ
µ(−∂µ − iG4Zµγ5)ψ4
+ iG(fL)ψ¯fγ
µZµPLψf + iG(fR)ψ¯fγ
µZµPRψf , (96)
where
G1 = 0.00823, G4 = 0.0119, (97)
G(eL) = − g
2
Y√
g2Y + g
2
2
= −0.172, G(eR) = −g
2
Y + g
2
2
2
√
g2Y + g
2
2
= 0.200, (98)
G(νL) = −
√
g2Y + g
2
2
2
= −0.372, (99)
G(uL) =
2g2Y
3
√
g2Y + g
2
2
= 0.114, G(uR) =
g2Y − 3g22
6
√
g2Y + g
2
2
= −0.257, (100)
G(dL) = − g
2
Y
3
√
g2Y + g
2
2
= −0.057, G(dR) = g
2
Y + 3g
2
2
6
√
g2Y + g
2
2
= 0.315. (101)
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These interactions give dominant contribution to annihilation of η′1, η
′
4. As Gi ≪ G(νL), the contributions
Z → ηη to Z-decay width is negligible. Therefore LEP bound m ≥ 46GeV is not imposed on η′1, η′4. The
relic abundance of the neutralino is calculated by the formula
xF = ln
0.0955mPmi(a+ 6b/xF )
(g∗xF )
1
2
(i = 1, 4), (102)
Ωh2 =
8.76× 10−11g−
1
2∗ xF
(a+ 3b/xF )GeV
2 , (103)
where m1 = 41.92GeV, m4 = 44.55GeV,
af,i =
2cf
π
[
mf (Gi/2)
4m2i −M2Z
(G(fL)−G(fR))
]2(
1− m
2
f
m2i
) 1
2
, (104)
bf,i =
1
6
(
−9
2
+
3
4
m2f
m2i −m2f
)
af,i
+
cf
3π
[
mi(Gi/2)
4m2i −m2Z
]2 [
G2(fL) +G
2(fR)
](
4 +
2m2f
m2i
)(
1− m
2
f
m2i
) 1
2
, (105)
cf is color factor such as cf = 1 for SUc(3) singlet, cf = 3 for triplet, and mZ = 91.2 GeV. For the
approximation mf/mi = 0, these coefficients are given by
a1 = ab,1 + aτ,1 = 5.01× 10−11GeV−2, (106)
a4 = ab,4 + aτ,4 = 1.22× 10−9GeV−2, (107)
b1 = 1.53× 10−8GeV−2, (108)
b4 = 4.23× 10−7GeV−2. (109)
The relic abundance of η′1 is given by
g∗ = 75.75,
xF = 22.32,
TF = 1.88 GeV,
Ω1h
2 = 0.106, (110)
and that of η′4 is given by
g∗ = 72.25,
xF = 25.52,
TF = 1.75 GeV,
Ω4h
2 = 0.0052. (111)
As η′4 is converted into η
′
1, relic abundance of LSP is given by
(ΩCDMh
2) = Ω1h
2 +Ω4h
2 = 0.111, (112)
which realizes density parameter of dark matter.
4 Conclusion
We have considered dark matter based on S4 × Z2 flavor symmetric extra U(1) model. The results are as
follows. There exists appropriate parameter set to realize relic abundance of dark matter and positron flux
observed by PAMELA at the same time. The dominant component of dark matter is LSP and the origin
of positron flux is given by the decay of LF which generates the mass of RHN. There is deep connection
between PAMELA observation and neutrino mass. The long life time of LF results in large RHN mass and
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the spectrum of positron flux depend on Majorana phase φ in VMNS . Therefore, cosmic-ray observation
gives new information about the structure of neutrino mass matrix.
From the fact that there is no excess of anti-proton flux in cosmic-ray, we can guess about the particle
spectrum. As sfermions can decay into quarks, weak boson and charginos, LF must not decay into those
particles, which sugests sfermions are heavier than 4TeV. Although this is also favorable from the viewpoint
of the FCNC constraints, experimental verification becomes difficult. However experimantal verification of
our scenario is not imposssible. From the fact that Higgs does not decay into weak boson or charginos, we
can expect that Higgs boson is light and degenerated, therefore the examination of the mass spectrum of
Higgs boson is possible.
A Mass matrices
Neutral CP even Higgs boson
HUa ⊃
φU,a√
2
, HDa ⊃
φD,a√
2
, Sa ⊃ φS,a√
2
(a = 1, 2, 3),
−L ⊃ 1
2
φiM
2
ijφj , φi =

 φU,aφD,a
φS,a

 , (i, j = 1, 2, · · · , 9),
M21,1 = M
2
2,2 =
√
2m2BU (v
′
u/vu) + λ1A1v
′
s(vd/vu) + λ5A5vs(v
′
d/vu)− λ21v2d/2− λ25v2s/2
− [(λ1λ4 + λ3λ5)vsv′s + (λ4λ5 + λ1λ3)v′dvd] (v′u/vu) +
[
1
4
(g2Y + g
2
2) + 4g
2
x
]
v2u,
M21,2 = λ
2
5v
2
s/2 + λ
2
1v
2
d/2 +
[
1
4
(g2Y + g
2
2) + 4g
2
x
]
v2u,
M21,3 = M
2
2,3 = −m2BU + [(λ1λ4 + λ3λ5)v′svs + (λ4λ5 + λ1λ3)vdv′d]/
√
2
+
√
2
[
1
4
(g2Y + g
2
2) + 4g
2
x
]
vuv
′
u,
M23,3 =
√
2m2BU (vu/v
′
u) + λ3A3v
′
s(v
′
d/v
′
u) + λ4A4vs(vd/v
′
u)
− [(λ1λ4 + λ3λ5)vsv′s + (λ4λ5 + λ1λ3)v′dvd] (vu/v′u) + 2
[
1
4
(g2Y + g
2
2) + 4g
2
x
]
(v′u)
2,
M24,4 = M
2
5,5 =
√
2m2BD(v
′
d/vd) + λ1A1v
′
s(vu/vd) + λ4A4vs(v
′
u/vd)− λ21v2u/2− λ24v2s/2
− [(λ1λ5 + λ3λ4)vsv′s + (λ4λ5 + λ1λ3)v′uvu] (v′d/vd) + v2d
[
1
4
(g2Y + g
2
2) + 9g
2
x
]
,
M24,5 = λ
2
4v
2
s/2 + λ
2
1v
2
u/2 +
[
1
4
(g2Y + g
2
2) + 9g
2
x
]
v2d,
M24,6 = M
2
5,6 = −m2BD + [(λ1λ5 + λ3λ4)v′svs + (λ4λ5 + λ1λ3)vuv′u]/
√
2
+
√
2
[
1
4
(g2Y + g
2
2) + 9g
2
x
]
vdv
′
d,
M26,6 =
√
2m2BD(vd/v
′
d) + λ3A3v
′
s(v
′
u/v
′
d) + λ5A5vs(vu/v
′
d)
− [(λ1λ5 + λ3λ4)vsv′s + (λ4λ5 + λ1λ3)v′uvu] (vd/v′d) + 2
[
1
4
(g2Y + g
2
2) + 9g
2
x
]
(v′d)
2,
M27,7 = M
2
8,8 =
√
2m2BS(v
′
s/vs) + λ4A4(v
′
uvd/vs) + λ5A5(vuv
′
d/vs)− λ24v2d/2− λ25v2u/2
− [(λ1λ5 + λ3λ4)vdv′d + (λ1λ4 + λ3λ5)v′uvu] (v′s/vs) +
[
25g2x
]
v2s ,
M27,8 = λ
2
4v
2
d/2 + λ
2
5v
2
u/2 +
[
25g2x
]
v2s ,
M27,9 = M
2
8,9 = −m2BS + [(λ1λ5 + λ3λ4)v′dvd + (λ1λ4 + λ3λ5)vuv′u]/
√
2 +
√
2
[
25g2x
]
vsv
′
s,
M29,9 =
√
2m2BS(vs/v
′
s) + λ1A1(vuvd/v
′
s) + λ3A3(v
′
uv
′
d/v
′
s)
− [(λ1λ5 + λ3λ4)vdv′d + (λ1λ4 + λ3λ5)v′uvu] (vs/v′s) + 2
[
25g2x
]
(v′s)
2,
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M21,4 = M
2
2,5 = −λ1A1v′s + 3λ21vuvd/2 + (λ4λ5 + λ1λ3)v′uv′d +
[
−1
4
(g2Y + g
2
2) + 6g
2
x
]
vuvd,
M21,5 = M
2
2,4 = λ
2
1vuvd/2 +
[
−1
4
(g2Y + g
2
2) + 6g
2
x
]
vuvd,
M21,6 = M
2
2,6 = −λ5A5vs/
√
2 +
√
2λ25vuv
′
d + (λ4λ5 + λ1λ3)v
′
uvd/
√
2
+
√
2
[
−1
4
(g2Y + g
2
2) + 6g
2
x
]
vuv
′
d,
M23,4 = M
2
3,5 = −λ4A4vs/
√
2 +
√
2λ24v
′
uvd + (λ4λ5 + λ1λ3)vuv
′
d/
√
2
+
√
2
[
−1
4
(g2Y + g
2
2) + 6g
2
x
]
v′uvd,
M23,6 = −λ3A3v′s + 2λ23v′uv′d + (λ1λ3 + λ4λ5)vuvd + 2
[
−1
4
(g2Y + g
2
2) + 6g
2
x
]
v′uv
′
d,
M21,7 = M
2
2,8 = −λ5A5v′d + 3λ25vuvs/2 + (λ1λ4 + λ3λ5)v′uv′s +
[−10g2x] vuvs,
M21,8 = M
2
2,7 = λ
2
5vuvs/2 +
[−10g2x] vuvs,
M21,9 = M
2
2,9 = −λ1A1vd/
√
2 +
√
2λ21vuv
′
s + (λ1λ4 + λ3λ5)v
′
uvs/
√
2 +
√
2
[−10g2x] vuv′s,
M23,7 = M
2
3,8 = −λ4A4vd/
√
2 +
√
2λ24v
′
uvs + (λ1λ4 + λ3λ5)vuv
′
s/
√
2 +
√
2
[−10g2x] v′uvs,
M23,9 = −λ3A3v′d + 2λ23v′uv′s + (λ1λ4 + λ3λ5)vuvs + 2
[−10g2x] v′uv′s,
M24,7 = M
2
5,8 = −λ4A4v′u + 3λ24vdvs/2 + (λ1λ5 + λ3λ4)v′dv′s +
[−15g2x] vdvs,
M24,8 = M
2
5,7 = λ
2
4vdvs/2 +
[−15g2x] vdvs,
M24,9 = M
2
5,9 = −λ1A1vu/
√
2 +
√
2λ21vdv
′
s + (λ1λ5 + λ3λ4)v
′
dvs/
√
2 +
√
2
[−15g2x] vdv′s,
M26,7 = M
2
6,8 = −λ5A5vu/
√
2 +
√
2λ25v
′
dvs + (λ1λ5 + λ3λ4)vdv
′
s/
√
2 +
√
2
[−15g2x] v′dvs,
M26,9 = −λ3A3v′u + 2λ23v′dv′s + (λ1λ5 + λ3λ4)vdvs + 2
[−15g2x] v′dv′s. (113)
Neutral CP odd Higgs boson
HUa ⊃
iρU,a√
2
, HDa ⊃
iρD,a√
2
, Sa ⊃ iρS,a√
2
(a = 1, 2, 3),
−L ⊃ 1
2
ρiM
2
ijρj , ρi =

 ρU,aρD,a
ρS,a

 , (i, j = 1, 2, · · · , 9),
M21,1 = M
2
2,2 =
√
2m2BU (v
′
u/vu) + λ1A1v
′
s(vd/vu) + λ5A5vs(v
′
d/vu)− λ21v2d/2− λ25v2s/2
− [(λ1λ4 + λ3λ5)vsv′s + (λ4λ5 + λ1λ3)v′dvd] (v′u/vu),
M21,2 = λ
2
5v
2
s/2 + λ
2
1v
2
d/2,
M21,3 = M
2
2,3 = −m2BU + [(λ1λ4 + λ3λ5)v′svs + (λ4λ5 + λ1λ3)vdv′d]/
√
2,
M23,3 =
√
2m2BU (vu/v
′
u) + λ3A3v
′
s(v
′
d/v
′
u) + λ4A4vs(vd/v
′
u)
− [(λ1λ4 + λ3λ5)vsv′s + (λ4λ5 + λ1λ3)v′dvd] (vu/v′u),
M24,4 = M
2
5,5 =
√
2m2BD(v
′
d/vd) + λ1A1v
′
s(vu/vd) + λ4A4vs(v
′
u/vd)− λ21v2u/2− λ24v2s/2
− [(λ1λ5 + λ3λ4)vsv′s + (λ4λ5 + λ1λ3)v′uvu] (v′d/vd),
M24,5 = λ
2
4v
2
s/2 + λ
2
1v
2
u/2,
M24,6 = M
2
5,6 = −m2BD + [(λ1λ5 + λ3λ4)v′svs + (λ4λ5 + λ1λ3)vuv′u]/
√
2,
M26,6 =
√
2m2BD(vd/v
′
d) + λ3A3v
′
s(v
′
u/v
′
d) + λ5A5vs(vu/v
′
d)
− [(λ1λ5 + λ3λ4)vsv′s + (λ4λ5 + λ1λ3)v′uvu] (vd/v′d),
M27,7 = M
2
8,8 =
√
2m2BS(v
′
s/vs) + λ4A4(v
′
uvd/vs) + λ5A5(vuv
′
d/vs)− λ24v2d/2− λ25v2u/2
− [(λ1λ5 + λ3λ4)vdv′d + (λ1λ4 + λ3λ5)v′uvu] (v′s/vs),
M27,8 = λ
2
4v
2
d/2 + λ
2
5v
2
u/2,
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M27,9 = M
2
8,9 = −m2BS + [(λ1λ5 + λ3λ4)v′dvd + (λ1λ4 + λ3λ5)vuv′u]/
√
2,
M29,9 =
√
2m2BS(vs/v
′
s) + λ1A1(vuvd/v
′
s) + λ3A3(v
′
uv
′
d/v
′
s)
− [(λ1λ5 + λ3λ4)vdv′d + (λ1λ4 + λ3λ5)v′uvu] (vs/v′s),
M21,4 = M
2
2,5 = λ1A1v
′
s + (λ4λ5 − λ1λ3)v′uv′d − λ21vuvd/2,
M21,5 = M
2
2,4 = λ
2
1vuvd/2,
M21,6 = M
2
2,6 = λ5A5vs/
√
2 + (λ1λ3 − λ4λ5)v′uvd/
√
2,
M23,4 = M
2
3,5 = λ4A4vs/
√
2 + (λ1λ3 − λ4λ5)vuv′d/
√
2,
M23,6 = λ3A3v
′
s + (λ4λ5 − λ1λ3)vuvd,
M21,7 = M
2
2,8 = λ5A5v
′
d + (λ1λ4 − λ3λ5)v′uv′s − λ25vuvs/2,
M21,8 = M
2
2,7 = λ
2
5vuvs/2,
M21,9 = M
2
2,9 = λ1A1vd/
√
2 + (λ3λ5 − λ1λ4)v′uvs/
√
2,
M23,7 = M
2
3,8 = λ4A4vd/
√
2 + (λ3λ5 − λ1λ4)vuv′s/
√
2,
M23,9 = λ3A3v
′
d + (λ1λ4 − λ3λ5)vuvs,
M24,7 = M
2
5,8 = λ4A4v
′
u + (λ1λ5 − λ3λ4)v′dv′s − λ24vdvs/2,
M24,8 = M
2
5,7 = λ
2
4vdvs/2,
M24,9 = M
2
5,9 = λ1A1vu/
√
2 + (λ3λ4 − λ1λ5)v′dvs/
√
2,
M26,7 = M
2
6,8 = λ5A5vu/
√
2 + (λ3λ4 − λ1λ5)vdv′s/
√
2,
M26,9 = λ3A3v
′
u + (λ1λ5 − λ3λ4)vdvs. (114)
Charged Higgs boson
HUa ⊃ H+a , HDa ⊃ H−a+3 (a = 1, 2, 3),
−L ⊃ H+i M2ijH−j , H+i =
(
H+a
(H−a+3)
†
)
(i, j = 1, 2, · · · , 6),
M21,1 =
√
2m2BU (v
′
u/vu) + λ1A1v
′
s(vd/vu) + λ5A5vs(v
′
d/vu)− λ21v2d − λ25[v2s/2 + (v′d)2]
− [(λ1λ4 + λ3λ5)vsv′s + (λ4λ5 + λ1λ3)v′dvd] (v′u/vu)
− 1
2
g22 [v
2
u + (v
′
u)
2 − v2d − (v′d)2] +
1
4
g22v
2
u,
M21,2 = λ
2
5v
2
s/2 +
1
4
g22v
2
u,
M21,3 = M
2
2,3 = −m2BU + (λ1λ4 + λ3λ5)vsv′s/
√
2 +
1
2
√
2
g22v
′
uvu,
M23,3 =
√
2m2BU (vu/v
′
u) + λ3A3v
′
s(v
′
d/v
′
u) + λ4A4vs(vd/v
′
u)− λ24v2d − λ23(v′d)2
− [(λ1λ4 + λ3λ5)vsv′s + (λ4λ5 + λ1λ3)v′dvd] (vu/v′u)
− 1
2
g22 [v
2
u + (v
′
u)
2 − v2d − (v′d)2] +
1
2
g22(v
′
u)
2,
M24,4 = M
2
5,5 =
√
2m2BD(v
′
d/vd) + λ1A1v
′
s(vu/vd) + λ4A4vs(v
′
u/vd)
− λ21v2u − λ24[v2s/2 + (v′u)2]− [(λ1λ5 + λ3λ4)vsv′s + (λ4λ5 + λ1λ3)v′uvu] (v′d/vd)
+
1
2
g22 [v
2
u + (v
′
u)
2 − v2d − (v′d)2] +
1
4
g22v
2
d,
M24,5 = λ
2
4v
2
s/2 +
1
4
g22v
2
d,
M24,6 = M
2
5,6 = −m2BD + (λ1λ5 + λ3λ4)vsv′s/
√
2 +
1
2
√
2
g22v
′
dvd,
M26,6 =
√
2m2BD(vd/v
′
d) + λ3A3v
′
s(v
′
u/v
′
d) + λ5A5vs(vu/v
′
d)− λ25v2u − λ23(v′u)2
− [(λ1λ5 + λ3λ4)vsv′s + (λ4λ5 + λ1λ3)v′uvu] (vd/v′d)
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+
1
2
g22 [v
2
u + (v
′
u)
2 − v2d − (v′d)2] +
1
2
g22(v
′
d)
2,
M21,4 = M
2
2,5 = λ1A1v
′
s − λ1[λ1vuvd + λ3v′uv′d] +
1
4
g22vuvd,
M21,5 = M
2
2,4 =
1
4
g22vuvd,
M21,6 = M
2
2,6 = λ5A5vs/
√
2− λ5[λ4v′uvd + λ5vuv′d]/
√
2 +
1
2
√
2
g22vuv
′
d,
M23,4 = M
2
3,5 = λ4A4vs/
√
2− λ4[λ4v′uvd + λ5vuv′d]/
√
2 +
1
2
√
2
g22v
′
uvd,
M23,6 = λ3A3v
′
s − λ3[λ1vuvd + λ3v′uv′d] +
1
2
g22v
′
uv
′
d. (115)
1-loop corrections to Higgs mass
In order to satisfy the experimental bound for the lightest neutral CP even Higgs boson mass, the
contributions from 1-loop corrections are important [24][25]. We add 1-loop contributions
∆V =
1
64π2
Str
[
M4
(
ln
M2
Λ2
− 3
2
)]
(116)
to Higgs potentail.The dominant contributions are given by trilinear terms YtH
U
3 Q3U
c
3 and kS3(g1g
c
1+g2g
c
2+
g3g
c
3). From the mass terms of squark and scalar g-quark
−L ⊃ [m2Q3 + (Yt(HU3 )0)2] |U3|2 + [m2Uc3 + (Yt(HU3 )0)2
]
|U c3 |2
+
[
m2g + (kv
′
s)
2
]
(|g1|2 + |g2|2 + |g3|2) +
[
m2gc + (kv
′
s)
2
]
(|gc1|2 + |gc2|2 + |gc3|2)
+
[
YtAt(H
U
3 )
0 + Ytλ3v
′
s((H
D
3 )
0)∗
]
U3U
c
3
+
[
kAkv
′
s + kλ3((H
U
3 )
0(HD3 )
0)∗
]
(g1g
c
1 + g2g
c
2 + g3g
c
3) + h.c.
= (U∗3 , U
c
3 )
(
m2Q3 + (Ytv
′
u)
2 YtAtv
′
u + Ytλ3v
′
sv
′
d
YtAtv
′
u + Ytλ3v
′
sv
′
d m
2
Uc
3
+ (Ytv
′
u)
2
)(
U3
(U c3 )
∗
)
+
∑
i
(g∗i , g
c
i )
(
m2g + (kv
′
s)
2 kAkv
′
s + kλ3v
′
uv
′
d
kAkv
′
s + kλ3v
′
uv
′
d m
2
gc + (kv
′
s)
2
)(
gi
(gci )
∗
)
, (117)
mass eigenvalues are given by
M2T,± =
1
2
[
m2Q3 +m
2
Uc
3
+ 2(Ytv
′
u)
2 ±
√
(m2Q3 −m2Uc3 )2 + 4Y
2
t (Atv
′
u + λ3v
′
sv
′
d)
2
]
,
M2g,± =
1
2
[
m2g +m
2
gc + 2(kv
′
s)
2 ±
√
(m2g −m2gc)2 + 4k2(Akv′s + λ3v′uv′d)2
]
. (118)
For simplicity, we assume
m2Q3 = m
2
Uc
3
= m2g = m
2
gc = m
2
Q = 16TeV
2, At = Ak = 0.0TeV, (119)
then Eq.(118) is rewritten by
M2T,± = m
2
Q + (Ytv
′
u)
2 ± Ytλ3v′sv′d,
M2g,± = m
2
Q + (kv
′
s)
2 ± kλ3v′uv′d. (120)
As potential minimum condition is modified as
∂(V +∆V )
∂X
= 0, X = (v′u, v
′
d), (121)
and we must add the terms
∆M23,3 =
1
2
∂2∆V
∂(v′u)2
− 1
2(v′u)
∂∆V
∂(v′u)
,
∆M26,6 =
1
2
∂2∆V
∂(v′d)
2
− 1
2(v′d)
∂∆V
∂(v′d)
,
∆M23,6 =
1
2
∂2∆V
∂(v′u)∂(v
′
d)
, (122)
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to the neutral CP-even Higgs boson mass. We fix renormalization point as
Λ = 4TeV. (123)
Chargino
L ⊃ χ+i Mijχ−j + h.c.,
hUa =
(
h+u
h0u
)
a
, hDa =
(
h0d
h−d
)
a
(a = 1, 2, 3),
χ+i =
(
(h+u )a
−iw+
)
, χ−i =
(
(h−d )a
−iw−
)
, w± =
λ12 ∓ iλ22√
2
(i, j = 1, 2, 3, 4),
M =


λ1v
′
s 0 λ5vs/
√
2 g2vu/
√
2
0 λ1v
′
s λ5vs/
√
2 g2vu/
√
2
λ4vs/
√
2 λ4vs/
√
2 λ3v
′
s g2v
′
u
g2vd/
√
2 g2vd/
√
2 g2v
′
d M2

 . (124)
Neutralino
L ⊃ −1
2
ηiMijηj + h.c.,
η =


(h0u)a
(h0d)a
sa
iλ

 , λ =

 λYλ32
λX

 (a = 1, 2, 3; i, j = 1, 2, · · · , 12),
M =


0 Mud Mus Muλ
Mdu 0 Mds Mdλ
Msu Msd 0 Msλ
Mλu Mλd Mλs Mλλ

 ,
Mud =

 λ1v′s 0 λ5vs/
√
2
0 λ1v
′
s λ5vs/
√
2
λ4vs/
√
2 λ4vs/
√
2 λ3v
′
s

 =MTdu,
Mus =

 λ5v′d 0 λ1vd/
√
2
0 λ5v
′
d λ1vd/
√
2
λ4vd/
√
2 λ4vd/
√
2 λ3v
′
d

 =MTsu,
Mds =

 λ4v′u 0 λ1vu/
√
2
0 λ4v
′
u λ1vu/
√
2
λ5vu/
√
2 λ5vu/
√
2 λ3v
′
u

 =MTsd,
Muλ =

 gY vu/2 −g2vu/2 −2gxvugY vu/2 −g2vu/2 −2gxvu
gY v
′
u/
√
2 −g2v′u/
√
2 −2√2gxv′u

 =MTλu,
Mdλ =

 −gY vd/2 g2vd/2 −3gxvd−gY vd/2 g2vd/2 −3gxvd
−gY v′d/
√
2 g2v
′
d/
√
2 −3√2gxv′d

 =MTλd,
Msλ =

 0 0 5gxvs0 0 5gxvs
0 0 5
√
2gxv
′
s

 =MTλs,
Mλλ =

 −MY 0 00 −M2 0
0 0 −MX

 . (125)
B Mixing matrices and mass eigenvalues
Mass eigenvalues (mi : GeV) and diagnalization matrix U = (u1, u2, · · ·) are given as follows.
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Neutral CP-even Higgs
For Higgs bosons, the diagonalization matrices are defined as
(M2)′ = UTM2U = diag(m21,m
2
2, · · ·). (126)
i 1 2 3 4 5 6 7 8 9
ui −0.698 −0.113 −0.0006 −0.613 0.329 −0.115 0.0006 0.003 −0.059
0.698 0.113 0.0006 −0.613 0.329 −0.115 0.0006 0.003 −0.059
0 0 0 −0.384 −0.808 −0.036 0.029 −0.009 −0.445
0.0015 −0.005 −0.707 −0.0012 −0.008 0.006 −0.706 −0.0008 −0.030
−0.0015 0.005 0.707 −0.0012 −0.008 0.006 −0.706 −0.0008 −0.030
0 0 0 −0.273 −0.360 −0.031 −0.033 0.054 0.889
0.113 −0.698 −0.0056 0.118 −0.025 −0.693 0.006 0.071 −0.002
−0.113 0.698 0.0056 0.118 −0.025 −0.693 0.006 0.071 −0.002
0 0 0 −0.002 0.014 0.101 0.00009 0.993 −0.052
mi 91.50 537 2005 121.96 152.96 539 2007 1018 1425
(127)
Neutral CP-odd Higgs
i 1 2 3 4 5 6 7 8 9
ui −0.703 0.073 −0.040 0.004 0.0005 0.700 0.074 −0.002 −0.059
0.703 −0.073 −0.040 0.004 −0.0005 0.700 0.074 −0.002 −0.059
0 0 −0.889 0.086 0 −0.088 −0.009 −0.029 −0.044
0.0014 0.008 0.008 −0.00008 0.707 0.0003 0.008 −0.706 0.030
−0.0014 0.008 0.008 −0.00008 −0.707 0.0003 0.008 −0.706 0.030
0 0 0.448 −0.004 0 −0.049 −0.005 −0.033 −0.892
−0.073 −0.703 −0.006 −0.070 0.008 0.074 −0.700 −0.008 −0.002
0.073 0.703 −0.006 −0.070 −0.008 0.074 −0.700 −0.008 −0.002
0 0 −0.079 −0.991 0 −0.012 0.099 −0.001 −0.034
mi 112.12 532 0 0 2005 145.53 535 2008 1423
(128)
Charged Higgs
i 1 2 3 4 5 6
ui 0.707 −0.000055 −0.703 0.041 −0.001 0.059
−0.707 0.000055 −0.703 0.041 −0.001 0.059
0 0 0.089 0.893 −0.029 0.441
0.000055 0.707 −0.0018 −0.008 −0.706 −0.030
−0.000055 −0.707 −0.0018 −0.008 −0.706 −0.030
0 0 0.049 −0.447 −0.032 0.893
mi 90.70 2005 130.02 0 2007 1422
(129)
Neutralino
For neutralinos, the diagonalization matrix is defined as
UTMU = diag(m1,m2, · · ·m12).
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i 1 2 3 4 5 6
ui 0.234 −0.496 0.446 −0.248 −0.475 0.067
−0.234 0.496 −0.446 −0.248 −0.475 0.067
0 0 0 0.064 0.148 0.031
0.209 0.504 0.450 −0.217 0.497 −0.055
−0.209 −0.504 −0.450 −0.217 0.497 −0.055
0 0 0 0.028 −0.105 −0.066
−0.634 −0.017 0.313 0.621 −0.023 −0.002
0.634 0.017 −0.313 0.621 −0.023 −0.002
0 0 0 −0.086 0.005 −0.00007
0 0 0 0.009 0.084 0.965
0 0 0 −0.014 −0.119 −0.221
0 0 0 0.0004 0.001 0.003
mi −41.92 −130 172 −44.55 −111 −177
i 7 8 9 10 11 12
ui 0.062 −0.430 −0.099 −0.099 −0.020 0.002
0.062 −0.430 −0.099 −0.099 −0.020 0.002
0.039 0.132 −0.689 −0.682 −0.121 −0.003
−0.049 −0.439 0.062 −0.063 −0.013 −0.003
−0.049 −0.439 0.062 −0.063 −0.013 −0.003
−0.077 0.085 0.692 −0.686 −0.138 −0.050
−0.002 −0.330 0.001 −0.003 −0.053 0.047
−0.002 −0.330 0.001 −0.003 −0.053 0.047
−0.0001 0.051 0.014 0.114 −0.728 0.669
−0.241 0.007 0.063 −0.014 −0.002 −0.001
−0.960 −0.012 −0.118 0.024 0.003 0.002
0.003 −0.0009 −0.032 0.153 −0.655 −0.739
mi −194 157 832 820 945 −1144
(130)
Chargino
For the charginos, the diagonalization matrices are defined as
χ− = U−(χ−)′, χ+ = U+(χ+)′,
UT+MU− = diag(m1,m2,m3,m4) = (130, 111, 193, 830),
U+ =


0.707 0.685 0.104 0.140
−0.707 0.685 0.104 0.140
0 −0.209 0.066 0.976
0 0.131 −0.987 0.095

 , U− =


−0.707 −0.696 0.085 0.088
0.707 −0.696 0.085 0.088
0 0.140 0.128 0.982
0 −0.102 −0.984 0.143

 .
(131)
These mass eigenvalues are consistent with the experimental mass bounds [18]
Charged Higgs : m ≥ 79.3GeV,
Neutral CP-even Higgs : m ≥ 114.4GeV,
Neutral CP-odd Higgs : m ≥ 93.4GeV,
Chargino : m ≥ 94GeV,
Neutralino : m ≥ 46GeV.
Note that ρ′3, ρ
′
4, (H
±
4 )
′ are Nambu-Goldstone boson which are eaten by gauge bosons.
C The lifetimes of exotic quarks
As the R-parities of exotic quarks are odd, at least there must be one sfermion which is lighter than exotic
quarks, to make them unstable. Now we assume the right handed slepton Ec1 is lighter than 2TeV and the
other sfermions are heavier than 4TeV . For simplicity, we assume there is no mixing between Ec1 and Li.
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Through the non-renormalizable interaction
L ⊃ −
∑
i
ciV
2
√
3M2P
(ψg,1 + ψg,2 + ψg,3)E
c
1u
c
i + h.c., (132)
the exotic quarks ψg,1∼3 can decay into uci and E
c
1, where ci are O(1) coefficients. The lifetimes are estimated
as follows
Γ(ψ†g,j → Ec1 + uci ) =
2TeV
16π
(
ciV
2
√
3M2P
)2
=
c2i
1.7[sec]
, (133)
from which we must put ci ∼ 4 in order to satisfy the cosmological constraint for exotic particle, τ < 0.1sec.
The interaction Eq.(132) comes from
W ⊃
∑
i
ci
M2P
Φ3(Φ
c
1g1 +Φ
c
2g2 +Φ
c
3g3)E
c
1U
c
i , (134)
which may contribute to LF decay through
L ⊃ −
∑
i,j
ciV
M2P
αjφLFψg,jE
c
1u
c
i + h.c., (135)
where αj are given by linear combinations of the flavon mixing parameters. In this paper, we assume αj are
small enough and this interaction does not give sizable contribution to LF decay width.
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